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Quiver Riverand 38 ohm-m higher than the
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Setting

andcomprisesanareaof 141,895km? (Fig 1).

crop production

$7 billionin agriculturalproductsin 2012

localstreams

1994).

conductivity,and calculatedwater resistivity

In Juneof 2016 the USGeologicaSurveyusedwaterborneresistivity profiling to map the shallow(< 10m)
subsurfacedistribution of electrical properties as a proxy for streambed hydraulic conductivity Two
dimensionalvertical profiles of resistivitywere usedto identify differencesin geoelectricalstructure of the
streambedfor reachesof the Tallahatchig60 km), Quiver(50 km), and Sunflower(70 km) Riversin central
Mississippi Inversemodelingwas usedto developtwo-dimensional(2-D) vertical profiles of resistivity for
eachstream Modeled streambedresistivitiesof the TallahatchieRiverwere 51 ohm-m higher than the

Interpreted from the variation and distribution of resistivityvalues Alongthe Sunflower,resistivityis highly
variable ,with a standarddeviationof 64.6 ohnm-m. Thisisabout49%greaterthanthe variabilityin resistivity
of the Tallahatchiewith a standarddeviationof 33 ohm-m, and 25% greaterthan the Quiverat 49 ohm-m.
In regional groundwaterflow models, the hydraulic conductivity of streambed materials is typically an
estimated parameter becauseof difficulty in obtaining a datasupported value in realworld conditions
Modeledresistivitiesfrom this work will be usedto scalestreambedhydraulicconductivitywithin a regional
groundwaterflow model usedto assesswater-managementscenarios Future studieswill continue the
applicationof geophysicamethodsto improvethis model

Figure 1: Overview map of Mississippi Alluvial Plain, map citation 1.

The MississippiAlluvial Plain extends acrossportions of five states

T Within the MAP,the Deltaregionof northwesternMississippis an

area where land use is dominated by agriculture, primarily row
The region represents one of the most
productive agriculturalareasin the nation, producingmore than

T Thisagricultureis possiblethrough significantirrigation, primarily
from groundwaterdrawnfrom unconsolidatedalluvialaquifers

T Thesesediments,60-80 metersthick, representa

long and complexhistory of sedimentationfrom

the nearby Mississippi River, that have been

altered by down cutting and sedimentationfrom

T Mapped geomorphologicalunits within the study area include
Holocene and Pleistoceneaged sediments deposited by the rigre 2: waterboreresistivity survey iprogress on
Mississippi River and other smaller streams (Tablél) (Saucier, Quiver River, Photo by author

T Variationsin the extent, thickness, and lithology of these geomorphological units imp
surface watergroundwater exchange in the study area, which can have implications
recharge into the alluvial aquifer.

For this survey a reciprocal Schlumbergerarray was used, which positions the transmitting pair of
electrodestoward the centerof the arrayandthe receivingpairsradiatingawayfrom the transmitter.

Theresistivity of the water in the river was measuredat the beginningof eachprofile and at the end of
the last profile each day usinga field conductivity meter.
latitude, longitude (GPSsystem), injected current, voltage, resistance,apparent resistivity, electrode
location (referencedto the position of the GPS)water depth (echosounder),water temperature, water

Abstract

SunflowerRiver Differencesin streambedlithology can be

Introduction

T Hydraulicconductivityof streambedmaterialsis typicallyan
estimatedparameterin regionalgroundwaterflow models
The electricalresistivity of earth materials in fresh water
aquiferscommonlyhasa positive correlationwith hydraulic
conductivity

T In unconsolidatedalluvial settingscoarsergraineddeposits
such as gravel and sand typically have higher resistivities
comparedto silts and clayswhich have lower resistivities
(Balland others, 2006 Shahandothers,2007).

T Startingin Juneof 2016 the MississippAlluvialPlain(MAP)
Regional Water Availability Project used waterborne
resistivity profiling to map the shallow (<10m) sub-surface
distribution of electrical properties as a proxy for
streambedhydraulicconductivity

T The objective of this analysis is to determine the
relationship between results of the waterborneresistivity
survey to general lithologic changes in mapped
geomorphologicalinits.

Methods

Data collected within eachriver included
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T Waterborneresistivityprofiling wasdone usinga 10-channeliris InstrumentsSyscaProresistivitymeter. A 60 meter longfloating reciprocalSchlumbergearraywith a 5-
meter electrodespacingvasusedto conductthe survey(Figs2 & 7).

T Geospatiapositioningandwater depth were collectedusinga GarminGPSma@d88 Sounder

T Streamtemperature,conductivity,and specificconductivitywere measuredusingan Y SProfessionaPluswater quality meter.

T Dataprocessingand visualizatiorwasdoneusing ' } ¢ } ( SQasisMontaj geophysicakoftware Theraw and processedata are availablein Miller and

others(2016

T Apparentresistivitydatawere modeledusinglX1lD version3.52 developedby InterpexLimited (2016

F K

u mversion(Constablest al., 1987) wasusedto createa smoothmodelfor eachsounding

T Thewater columnwasrepresentedin the model aslayer 1. Layers2-4 (~4m) were analyzedto evaluatethe nearsurfacegeoelectricalproperties of
sedimentsnearthe streambedcontrollingsurfacewater and groundwaterexchange

Table 1: Geomorphic units within the study area, modified from Saucier 1994
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Figure 3: Qualitative estimate of streambed hydraulic conductivity from waterborne
resistivity values for surveyed rivers overlain on geomorphology, map citation 2.
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Figure4: Detail of resistivity values for Sunflower River with well locations, map

citation 3.

Results & Discussion

T SunflowerRiver(Figured) : Resistivitiesvere highlyvariedlongitudinallyalongthe mainchannel

Overal| resistivityvaluesfrom waterbornesurveydor the SunflowerQuiver,and TallahatchieRiversshowmajor
differencesthat correlateto largescalelithologicchangesn eachgeomorphologywnit (Figs 3-5, Table2 & 3).

T The Sunflowermeandersthrough a mix of backswamppoint bar, and abandonedchannel
deposits,eachwith their own geophysicasignatureq Table2).

T Asthe river meanderednto the abandonedchanneldepositsthe resistivityvaluesdecreased
substantiallyjndicativeof anincreasean claycontentfound within the abandoneachannels

T Asthe river meandersout of the abandonedchanneldeposits,into the increasinglysandier
point bar deposits,the resistivityincreasesrom valuesaround 13 ohm-m up to 55 ohm-m.

T Subsurfacdithology data collectedfrom the installationof three wellswere usedto evaluate
the waterborneresistivity surveyswith the geomorphology Alongthe westernbankof the
SunflowerRiverarethree wellswith documentedboreholelithology (Figs4 & 6).

T Well 1 has approximately 13.5 m of clay which correlates with the low
resistivityfeature in the resistivityprofile.

T Well 3 has a more sanddominated lithology, with four meters of silt
followed by eight metersof sandendingin clay Resistivitydatanearthis well
show moderate resistivity valuesin the upper four meters of the profile
correspondingto the silts and increasedresistivity below representingthe
Increasecsandcontentwith depth.

T QuiverRiver(Figure3):. Generallylower resistivitiesand lessvariation, indicative of clayrich streambedand
lesssurfacewater-groundwaterexchange

T The Quiverflows through backswampdepositswhich filled the Yazoadbasinin the center of
the studyarea
T Theaverageresistivitiesfor the northern portion of the QuiverRiversurveyare 30 ohm-m
less than the resistivitiesin the southern portion of the river. Thisis likely the result of
thinning backswampepositsalongthe southernedgeof the basin

T TallahatchieRiver(Figure3): Higherresistivityvalues,comparedto other streams,ndicateanincreasen sand
contentand more potential for surfacewater-groundwaterexchangeandrecharge

T TheTallahatchieflows almostexclusivelyover abandonedchannels(Hcom ascharacterized
by Sauciel(1994).
T Resistivitiesalong the Tallahatchiewere typically higher than other surveyed streams
resultingfrom the increasedsandcontent of geomorphicunit Hcom(Table3).

Table 2: Resistivity values for geomorphic units

Table 3: Resistivity values for surveyed rivers

Geomorphic Unit Min Res| Max Res | Mean Reg Stan. # | % of total
(Ohmm)| (Ohmm) | (Ohmm) | Dev [soundings
Hp : Point Bar 2.37 499.72 57.45 |45.52| 20110 55
Hcom : Abandoned Coury 6.786 467.03 69.13 |27.82| 6939 19
Hb : Backswamp 1.847 491.64 38.97 |42.13| 8314 23
Hchm: Abandoned Chann| 3.583 487.18 49.96 |54.43| 1433 4

River name Min Res| Max Res| Mean Res| Stan. # | Thickness [Thickness Thi_cknesrThicknes
(Ohmm) | (Ohmm) | (Ohmm) | Dev [soundingg avg (m) | max (m)|-min (m)| - stdev
Quiver 1.85 491.64 34.06 |[37.37] 9930 1.88 3.2 1 0.32
Tallahatchie | 7.225 498.1 73.58 [26.77| 13177 3.05 6.2 1.3 0.51
Sunflower 2.37 499.72 53.36 [52.06] 13957 1.66 3.9 0.6 0.29

Min. = Minimum

Abbreviations within Table 2 & 3 include:

Max. = Maximum

Stan. Dev. = Standard Deviation

Avg. = Average

Conclusion

Waterborneresistivity profiling
Is arelativelyquick,non-invasive

Figure 5: Perspective view from
southwest of 3D modeled
resistivity of all three rivers.

method to map shallow,
subsurface geoelectrical
properties of rivers Iin the
Mississippi  River  Alluvial

Plain Theresistivitydatain this
study area has a good
correlation  with mapped
geomorphologicalfeatures and
can be used to determine,

gualitatively, streambed
hydraulic conductivity For
example point bar and

abandoned course deposits
have relatively higher resistivity
values due to the increasein
sand content Whereas

backswam@mndabandoned
channeldepositswhich contain substantiallymore clay have lower resistivity values Lithologicdata from

nearby boreholes confirmed the relation between resistivity and lithology at depth. The mapped
geomorphologicalinits andresistivitydata canbe usedcollectivelyto designa targeteddrilling programto
developa guantitative estimateof streambedhydraulicconductivityfrom the resistivitydata.

Map Citations

1. Basemap of United States and
Gulf of Mexico from ESRIOnline
Data MAP aquifer boundary and
stream shapefile from U.SGS.
DatumisWGS1984

2. Geomorphology units modified
from Saucier, 1994 Resistivitydata
from USGSDatumis UTMZonel5N
NAD1983

3. Geomorphology units modified
from Saucier,1994 Resistivitydata
and well locations from USGS

DatumisUTMZonel5N NAD1983

Figure 6: Perspective view from west of 3D modeled resistivity for
Sunflower River with borehole lithology for weH3.1
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Figure 7: Side view of waterbornesistivity survey on Quiver River, note boat on far right of photo. Photo by author




